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POSI T Gid) 9$B4TMSTEM Background of the Invention This i nveb€TEHRHtes to a
positioning system and particularly to a systemfor positioning-equipnent,
such as a liquid dispenser, wth hi gh‘ preci sion over at |east a two
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present invention are n imted to liquid dispensing systens. Fig. 1is a
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ot her needed conponents. In a typical system it is not unconmon al Qng the

x- axaccofmplishédbwithradeadyscaew as siawn herewithdbelt drivm Withoa Bk andpiiane PT YFBE h T
of the device ote that Fig. IS not. to scal.e).. W | l.ng
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separate horizontal beam that is movable relative to the vertical beam.

For a given device with a positioning system, the device has a total area that the device
takes up (a "footprint"), and a workable area, defined here in the xy-plane, over which the device
operates on workpieces 15. To work in this workable area along the x and y axes, the device

25 needs additional space along the x and y axes to accommodate motors and beams, bearings
sufficient to hold the carriage firmly, and any other ﬁeeded components. In a typical system, it is
not uncommon along the x-axis for the working area W to be no more than 70% of the total
width T of the device (note that Fig. 1 is not to scale). With the increasing expense of
manufacturing floor space, particularly in clean room environments, it would be destrable to be

30 able to reduce the amount of space that is needed to operate in a given work area, i.e., to reduce

the footprint and thereby increase W/T along at least one axis.
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PCT/ USOY¢Sediiabsg 2 - Summary of the Invention The present | ' i ncl udes
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In embodiments of the present invention, the drive mechanisms are both mounted to
20 operate along the first axis, and therefore, the device can be made very narrow relative to the
working area along the second axis, such that the ratio of the width of the working area to the
total width of the device can be as much as 90%. With motors mounted along one axis and on
one side, a y-axis mechanism need not carry or support an x-axis motor and need not include an
x-axis driving mechanism as in prior devices; this structure thus avoids use of an x-axis driving
25 mechanism that can create heat and add mass to the moving plate, either of which can adversely
affect performance (compare to Fig. 1), and further simplifies the system because there is no
requirement to carry x-axis cables and/or belts. The present invention provides these benefits
while also maintaining good stability because the movable blocks are spaced apart at ends along
the x-axis. Another benefit is that the motors, on average, each carry 50% of the Idad, and

30 therefore can be evenly matched. Other features and advantages will become apparent from the

following detailed description, drawings, and claims.
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PCT/ US98/ 02071 -3- Brief Description-ot the Drawings Fig. 1 is a pictorial

side view of a known type g}ﬁemhﬁ%m(ﬁ%@m%s Fig. 2 is a perspective-
view of a positioning system accordrng to an enbodi nent of the present -
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taken through . section Jines 3-3 of Fi,g. 2. Fig. 4 is a plan.view
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the carri .JJlustrating forces on the carriage during operation. Fig. 6
S aprg{eg&ﬁﬂ%fxggé.am of a control system Fig. 7 is a block diagram of a
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bearings 46, 48 with blocks 52, 54 rigidly nounted at each end of plate 50.
Beari ngs Fig. 99s adbav chastillusirasingra cogdinae transfarmatian meghadus¢din provi de
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the present invention.

Detailed Description

Fig. 2 is a perspective view of a positioning system 40 according to the present invention
20 (shown upside-down to better illustrate the components). Positioning system 40-has a first rail 42
and a parallel second rail 44 with respective first and second elongated bearings 46, 48 oriented
in parallel along a y-axis and spaced apart along the perpendicular x-axis. Extending across the
first and second rails 42, 44 is a plate 50 that is slidably mounted to rails 42, 44 and movable
along bearings 46, 48 with blocks 52, 54 rigidly mounted at each end of plate 50. Bearings in
25 addition to bearings 46 and 48 may be used to provide additional stiffness.
Plate 50 has two elongated bearings 56, 58 extending in parallel along the x-axis.and on a
side 57 of plate 50 that faces away from rails 42, 44. A carriage 60 is slidably mounted to plate
50 for movement over bearings 56, 58 along the x-axis. Although in this illustrative
embodiment, two bearings 56 and 58 are used, only one bearing, or more than two bearings
30 could be used. Carriage 60 supports a mechanism for performing work on a workpiece 64, such
as a liquid dispenser, movable along the z-axis with a motor and a belt or a lead screw (not

shown).
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50 for novenent over bearings 56, 58 along the x-axis. Although in this
iIIustrw%%@g@odi ment, two bearings 56 and 58 are used, onI¥ one bearing,
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material, such as alumnum titanium or gnesi um erring 4, an
exangirestion. movenment by carriage 60 along the x-axis with only y- 20 axis
vement Sggtte the drive nechanisns is illustrated. In an initial position,
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Referring to Fig. 4, an example of movement by carriage 60 along the x-axis with only y-
20 axis movements of the drive mechanisms is illustrated. In an initial position, carriage 60 is
shown slightly left of center on movable block 50, and first nut block 66 on the left side is spaced
slightly further from plate 50 along the y-axis than is second nut block 68. To move carriage 60
to a position 60' on the right hand side of movable plate 50, first nut block 66 is drawn closer to
movable plate 50 to a position 66' and second nut block 68 is moved further away from plate 50
25 toaposition 68', and therefore trailing arms 80, 82 move to positions 80' and 82'. These
movements cause the carriage to have x-axis movement. As indicated here, the trailing arms can
move over a range of angles relative to the x and y axes, and the combination of these varying
angled movements can be used for controllable two-dimensional movement.
It should be apparent that y-axis movement of plate 50 (and hence carriage 60) can be
30  achieved by moving nut blocks 66, 68 an equal amount at the same time along the y-axis.
Moreover, the x-axis movement can be combined with y-axis movement by appropriately

moving the first and second nut blocks. For example, if each block is moved in the same




novabl e plate 50 to a position 66' and second nut block 68 is noved further
away f woogs4ae€ 50 25 to a position 68, and therefore PCRUSISHZOAr ns 80,
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rot atnilo%rl]e%lt becAlse E)iv'o% pinrr]x rﬁf,j 55%9&: é’;V,iaEé‘d éyﬁnﬁ If a center of gravity 94 of carriage 60 is

spaced from pivot points 90, 92, a counter-clockwise rotational moment is introduced with the

-

20 rightward movement of the carriage. The distance dx between the pivot points and the distance
dy between pivot points 90, 92 and center of gravity 94 can be optimized with mathematical
calculations; the optimization can be performed in one of a number of different ways, e.g., so that
the average clockwise and counter-clockwise moments are minimized over a given range of
motion, or to minimize the net peak moment for the entire range of motion of carriage 60. This

25 arrangement reduces yaw, while the orientations of the stiff trailing arms reduce pitch and roll in
the carriage.

Referring to Fig. 6, a programmable controller 100 for controlling the functions of the
system in accordance with one embodiment of the present invention is provided. In one
embodiment, the controller 100 is implemented using a personal computer with an Intel -

30 Pentium® processor running a version of the Microsoft Windows® NT operating system.
Controller 100 provides signals to motors 74, 76 to cause the motors to move the nut blocks as

indicated in Fig. 4; controls a z-axis motor 102 to cause the motor to move vertically along the z-
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of the notor, thus translating into y-axis novenen . One
of t herd usedso closcauelosity sontmwiltdopdsaihatthe vblocity 8RinevéreritDas welDasthy paaition

veme nd.position of plate 50, and the other |inear encoder is nounted
gﬁspl ng’egﬁaﬁidsgé‘???@{}rﬁwgﬁh?é- and position of carriage 60 relative to plate
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Fecdback e andipbil o (PSR VoG S0 0GR, RGPS ton Al 80 Fnd,c o

encodearsiage 60 usegiven titdeds thoxPpplhé, R dntfMet 160 rebsi08s siphild SotliBabpt ary
encoders are used to close a velocity control |oop, so that the velocity of

nov en&hgoderssiOne 198 ard from thissilinparenceders 10, 12 aadid]4.i As jr theipsmtiqustiont r ol | ed.
described embodiment, each of the rotary encoders 106 and 108 is used to close the velocity

20  control loop, and the three linear encoders are used to control the position control loop.
As shown in Fig. 7, each of the linear encoders 110, 112 and 114 is mounted on the plate
50. Linear encoder 110 is used to sense movement and position of the carriage 60 relative to the
plate 50 along the x-axis. Linear encoders 112 and 114 are mounted on opposite ends of the
plate 50 and are used to sense y-axis movement and position of the plate 50. Two encoders are
25  used to determine y-axis position to account for any yaw errors introduced in the plate. The
actual y-axis position of the workpiece 64 is determined by interpolating between the two y-axis
positions based on the x-axis position.
The control of the system in accordance with embodiments of the invention will now be
further described with reference to Figs. 7-10. Fig. 7 shows the positioning system 40 and the
30  controller 100 in block diagram form. The controller 100 includes a motion control card 120 that
receives x and y target position signals generated within the controller based on user input or a

pre-programmed task. The motion control card provides output signals that drive torque mode
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20 the workpiece is positioned at the x and y origins. Also for the purposes of this transformation:

the distance along the x-axis from the center of lead screw 70 to pivot point 90 when the
workpiece is at the origin of the x-axis is defined as Xa,; the distance along the x-axis from the
center of lead screw 72 to pivot point 92 when the workpiece is at the origin of the x-axis is
defined as Xb,; the distance along the y-axis from the bearing on nutblock 66 to the workpiece
25 when the workpiece is at the origin of the y-axis is equal to Ya,; and the distance along the y-axis
from the bearing on nutblock 68 to the workpiece when the workpiece is at the origin of the y-
axis is equal to Yb,.
The a-axis value for a given x-axis value and y-axis value is determined as follows. In an
initial step 210, an x-axis value is provided, and in step 220, the x-axis value is added to Xa,. In
30 step 230, the result obtained in step 220 is squared, and in step 240, the result of step 230 is
subtracted from the square of length of trailing arm 80. Then, the square root of the result of step
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r %5 Ulskilfd in the art, the functional blocks contained within the motion control card may be

implemented using software, hardware, or a combination of hardware and software.
Positional feedback information from encoders 110, 112 and 114 are input into a yaw
correction algorithm block 130 from which the x and y positional feedback values are output.
The x value output from block 130 is equal to the x value input to block 130. The y value output
25 from block 130 is calculated, as described above, by interpolating the values from encoders 112
and 114 based on the x value from encoder 110. In embodiments requiring less accuracy, or in
which the yaw error of the carriage is insignificant, and in which only one y encoder is used, the
yaw correction block may not be used.
The x and y values output from the yaw correction block are input to a transformation
30 block 132, which is similar to transformation block 124 and generates a and b output values. The
a and b output values are input into the P¥D control block 128, where they are compared with the_

values generated by the trajectory generator to produce the output motor control signals.
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20 over a die on a circuit board for chip-on-board mounting; or to dispense a liquid underfill

material around an electronic component spaced slightly above a circuit board for wicking under
the component. The types of material used and the methods of operation are different for these
dispensing applications, and therefore different dispensers would be used for performing these
different functions, however, all of these functions could be performed using embodiments of the
25 positioning system described above.
In one example, a number of circuit boards are processed so that dots of liquid are
dispensed. The locations for the dots are entered into the system and provided to the controller.
The controller uses an optimizing function to decide the order in which the dots are to be
dispensed, typically to reduce the amount of travel of the dispenser in the xy-plane. Boards are
30 brought to the system with a conveyor system. For each dot to be dispensed, the controller
moves the carriage and dispenser to a desired location in the xy-plane, activates the z-axis motor

to lower the dispenser to the circuit board, activates the dispenser to cause the dispenser to
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20 In another embodiment of the present invention, an electrical and/or mechanical

inspection system utilizes one of the positioning systems described above, and the workpiece
comprises one or more electrical and/or mechanical probes. The probes may be positioned over
a product and specific points on the product may be mechanically or electrically tested using the
probes. In a related embodiment, a coordinate measuring machine may utilize one of the

25 positioning systems to position a gauge probe or touch probe for the purpose of gathering
dimensional information about an object.

In a preferred embodiment of the present invention, two or more of the positioning
systems described above may be incorporated in one apparatus for positioning a number of
different workpieces. One example of such an apparatus is a multiple head dispensing system for

30 dispensing material on one or more substrates. In a multiple head dispensing system, a number
of substrates may be dispensed upon in }?arallel to increase the throughput of the machine. In

such a multiple head system, it may be desirable to use a multiple lane conveyor system to




.dispense a small quantity of liquid at that |ocation, and causes the z-axis
not or tWOBSB47S&way fromthe circuit board. The carri age iRCTUGI8/02ed to
anot her position in the xy-plane. Al t)g‘r natively, it is desirable to conbine
x/'y motion with the z-axis notion in da ballistic trajectory. 5 In

anot hehsRAORBHRGS intd thel dyStel. EPIR PositHRiY Qgﬁfbmsﬁtieﬁéﬁﬂédaﬂbdv@h% tdriyne "
e

utilizes one of the positioning systens scri bed above, and the workpiece
conprsiiebfon suchcanmitiple keadsystool besausprafghehigh Prosking ameartogotekwidsh ratisl  or
gripper .i.s, posgitioned qQver a conmponent to be picked up, the conponent is

pi ckwﬂﬁe%gyﬁ'&%eﬁ‘?ﬁ“b%’é?gsﬁm“%he gri pper and conponent are noved using the

posi tioni . ; ] L | rdeSeritéld ) s a
G rout ¢ b bfiie dipEh sbR e Horkiiates il QR doBrRbed s bR mOBbed
yes deivwtie ganliy disten] howevehdn plteaeattenibodinéritsg nhe workpidve maychd disposed i | i zes
one of the positioning systens descri bed above, and the workpi ece conprises

a t odiboyothepanty: Ailsega arodystiods dispepsedunonseuid be cpypledito thecganity sysfged int o
th hine, and th i i i ons. { he. tool. at i ned
bos: CRgRoRnet s ASHRCH b HRhPY sialh RAGIES Rl fishdifinaueel olleB SRR BT
the tcﬁ@enﬁﬁgs?&exﬁpelihbhmespheééﬁdfg%ﬁ?@ysftaﬁm ng a mlling operation. In

still another” enbodi nent of” the prese I nvention, a vision inspection
syst em ut iHavieg desceibed embedimesistaf cthe presentaneentionsis shaubd tie apypavent thatd t he
wor kpi ece conprises a _canera, a lens, and/or an_illum nation system The

cHive modifigatinns 5 be made wibout deparing Tor the wepeet dieprsgdnYeRtGN: FET devi ce
for 'e%.t?lgfet Whfle ?ﬁe,[ @s{e%é}g h ﬁ?eﬂtﬁc&ﬁ{b%d él% gein m%untécfkrffmgnﬂzmgmg hgENt of

the present ‘inventi'on, an electrical an rrechani cal T'nmspection system
uti | im&mtehen Slothdieypost fedrde)isich &y selitbplafisied; il thbaree forike iidlovks kg ece
conprises one or nore electrical and/or mechani cal probes. The probes may

be pdsen showmiasy drivasosewcumptonatd bpk eoyld bepsedid desired; the qarringssrountsd ae

mechapi cal | l.egtrically tested using th robes. In a rel ated
embodniaiRabls Blask it evLouthe i o e ALl v T QR RETE miaY P

PES! ldeREshY. SVRTIE R PothS dBSder hasbéendattfonta abSveTor hidinMeRnaREng Altaryne

pur pose of “gat hering di nensional information about an object. In a

pr ef epos#ubngotheriiotay posifion kensprse suwhtasiresodvers, coyldtbemsed. nore of t he

posi tioni S ’Stgainq% gescri bed above may be incorporated in one apparatus
for positi P‘?\:‘ﬁc er of different workpi eces. One exanple of such an
apparatus is a nultiple head di spensing systemfor 30 dispensing materi al
on one or nore substrates. In a nultiple head di spensing system a nunber
of substrates nay be di spensed upon in parallel to increase the throughput
of the machine. In such a nmultiple head system it nmay be desirable to use
a nultiple | ane conveyor systemto



Y\DﬁS{ iﬁggg,gmgt IM“N““H““’“II”““L System The posmonl gﬁﬁ%sggéﬁif/e:m

describ ove are particwlafly suited for such a nultiple

because of the high working area to-tlat-al width ratio provided by these
positioning systens. In the enbodi nents descri bed above, workpi eces have.
been descri bed as being positioned-&élwow the gantry system however, in

A so. ' products Fovim o Rl ihan e 15 JERIRER ARV DABREET L o

and pemptikiaped as required by the gantry system beneath a fixed di spensing
system or beneath a di spensing system positionable by a second gantry
system Havrame;descr i bed enbodi ments of the present invention, it should be

a arent th t 10 t|o s can be t hout art fromthe
ope of P&’é’% ﬁf&ee %Y%%Pﬁa marxb“ﬁﬁﬁee Jih@ ¥ e has been
descrl bed 4 dlrﬁ Ui e 1 St 0y her
type of frarre sgglh g so | orrﬁ \%"n ﬂ egﬁtl %}h e nut bl ocks
has lﬂmepia&hdxmgaaaecandiaxwpememhmlaﬁtorthﬁﬁrstmd; belt coul d be used i f desired;
the carriage nounted on t nmovabl e bl ock is shown npving, al on
Bﬂfg aF‘é?%g\rA%Fary

bear i ngs, aditetiioghanda secendblogk ganhy meugted do the frameandspaced gn
ot heredopli i SR HIRE SO BoPdY fidelle e A E EHEE Ml BLY P Ve T

clgai med 1 g first rigid hem piveidily\onhected toths igdt @8 ckind PRIy dUnASctad td fhst I ument
for performng a task the system conprising: a frame; a plate nounted to

t he ftamiage;f or novenent along a first axis relative to the frame: a carriage
for hol din thelntrurrent nd mounted . to th te.for venment eI tive
Lo the pl BeeteRgg amS BRI arBeres fuite fecomd plack wh aor By coppsed & B <

bl ocléaﬁﬁgeamgecond bl ock, each nounted to the frame and spaced apart al ong
t >

_Or-nn

a first and second drive mechanisms separately operable for moving the respective first
15 and second blocks along the first axis such that the carriage is movable over a plane defined by

the first and second axes.

2. The system of claim 1, wherein the first and second drive mechanisms each includes a

motor and a lead screw.

20
3. The system of claim 1, wherein the first and second drive mechanisms each include a
motor and a belt drive.
4, The system of claim 1, wherein the first and second drive mechanisms each includes a

25 motor, the system further comprising first and second respective rotary position sensors for

sensing rotary motion of the motor.

5. The system of claim 4, further comprising a first linear position sensor mounted to the
frame for sensing linear movement of the plate relative to the fame along the first axis, and the
30 second linear position sensor mounted to the plate for sense movement of the carriage relative to

the plate along the second axis.
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a carriage system for holding the instrument, the carriage being mounted for movement in
a plane relative to the frame;
a first arm having a first end pivotally connected to the carriage system;
a second arm having a first end pivotally connected to the carriage system; and
20 first and second drivers connected to second ends of the respective first and second arms for
moving the first and second arms over a range of angles to move the carriage system over the

plane.

11.  The apparatus of claim 10, wherein the carriage system includes a plate mounted to the
25 frame for movement along a first axis relative to the frame, and a carriage mounted to the plate
for movement along a second axis relative to the plate, the second axis being perpendicular to the

first axis and with the first axis defining the plane over which the carriage system moves.

12.  The apparatus of claim 10, wherein the first and second drivers are each mounted to one
30 side and are operable along a first axis, the apparatus thereby omitting the use of a drive
mechanism mounted along the second axis and thereby minimizing the width of the device along
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conprising: a frame; a carriage systemfor holding the instrunent, the
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10 16.  An apparatus comprising:
a frame;
means for holding an instrument for performing a task, the holding means being mounted
to the frame for movement relative to the frame over a working area in a plane defined by a first
axis and a second axis perpendicular to the first axis; and means for moving the carriage system
15 by pushing and/or pulling the carriage system over a range of angles relative to the first and
second axes to cause the carriage to move over the plane, the moving means being mounted for
operation substantially along the first axis such that the width of the frame along the second axis

relative to the width of the working area is minimized.
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